This study aimed to evaluate the quality of soybean seeds with high level of mechanical damages from different processing stages and stored with and without fungicide treatment. Collections of seed samples were performed during the processing at the following points: hopper, pre-cleaning, dryer, cleaning, spiral, sieve-classifier and the gravity table. The experimental design was completely randomized in a 9 x 2 factorial scheme, with 9 collection points and two seed treatments, in four replicates. The seeds were then evaluated immediately after processing and after six months of storage. The processing progressively improved the attributes of soybean seed quality throughout the different stages in which the gravity table plays an important role in the improvement of the physiological and sanitary quality of the lot, favoring the storage potential and vigor of the seeds. The treatment of the seeds with fungicides is effective in controlling fungi before and after storage. The storage of soybean seeds with high level of mechanical damage markedly increases their deterioration.
Introduction
The quality and viability of soybean seeds during storage depend on the initial quality and on the storage conditions of the lot. The soybean seed is susceptible to the mechanical damages that occur during the harvest, drying and processing, which may negatively influence seed viability and vigor during the storage (Maryam & Oskouie, 2011) .
The use of soybean seeds with high standards of physical, genetic, physiological and sanitary quality has been the great difference in the successful establishment of the crop at the field (Silva et al., 2011a) . In this context, it is unquestionable the relevance of seed processing for the efficiency of the production process. However, due to the morphological arrangement of soybean seeds, which provides little protection to the embryonic axis, since it is situated on a tegument that is not much thick (Lopes et al., 2011) , the seeds become more susceptible to the mechanical damages considered as the main cause of the reduction in seed quality during the entire production process.
Factors such as water content and genetic variability cause large influences on the susceptibility of the seeds to mechanical damages (Silva et al., 2011b) . In many cases, these damages are not sufficient to destroy the structures of the seeds, but cause the appearance of cracks that lead to abnormalities in the seedlings, higher susceptibility to the action of microorganisms and higher sensitivity to chemical treatments, thus reducing the quality and storage potential of the lots.
Therefore, the main benefits for soybean production with the use of seeds of better quality for planting constitute a factor of extreme importance to obtain an adequate establishment of plants at the field, resulting in higher yields (Giurizatto et al., 2008) .
Based on the above, this study aimed to evaluate the quality of soybean seeds after the different processing stages and after the storage with and without fungicide treatment.
Material and Methods
The experiment was carried out at the Laboratory of Seed Analysis and at the Laboratory of Seed Pathology of the Departments of Agriculture and Phytopathology of the Federal University of Lavras (UFLA). The experiment used seeds of soybean (Glycine max (L.) Merril), cultivar M 8230 RR, from the field of production of basic seeds of the company Monsoy, processed at the company Sementes Vitória Ltda., in Rio Verde, GO.
During the processing and after each device, 20 single samples were collected in all treatments every 2 min at the following collection points: T1 -hopper; T2 -pre-cleaning; T3 -dryer; T4 -cleaning; T5 -spiral; T6 -6.0 sieve-classifier; T7 -5.5 sieve-classifier; T8 -6.0 sieve-gravity table and T9 -5.5 sieve-gravity table. All single samples were homogenized to form a composite sample of 4 kg for the analyses of physical, physiological and sanitary quality.
Half of the composite sample (2 kg) of the seeds obtained at each point was treated with the mixture of fungicides Carbendazim + Thiram, with commercial name of Derosal Plus, at the dose of 200 mL 100 kg -1 of seeds, while the other half was not treated. The seed samples were placed in paper bags and stored at ambient temperature for a period of 180 days.
The seeds were subjected to the following tests and/or determinations:
Water content: Performed using two 4-g samples per treatment through the method of the oven at 105 ± 3 ºC for 24 h (Brasil, 2009) .
Germination: Performed with four replicates of 50 seeds distributed in substrate of paper, moistened with distilled water at the proportion of 2.5 times the weight of the dry paper, and placed to germinate at temperature of 25 ºC. The evaluations were performed 5 days after sowing, calculating the final percentage of normal seedlings (Brasil, 2009) .
Electrical conductivity: Performed using four replicates of 50 seeds, physically pure, of each sample. After weighing, the seeds were subjected to imbibition in plastic cup with 75 mL of deionized water and maintained at 25 ºC for 24 h and only then controlled. At the end of the period, the electrical conductivity of the solution was determined in a conductivity meter (DIGIMED CD-21). The results were expressed in μS cm -1 g -1 of seeds (Vieira & Krzyzanowski, 1999) . Accelerated aging: Performed using Gerbox-type plastic boxes with individual compartment; a single layer (40-42 g) of seeds from each treatment was placed on the internal metal screen of the box, covering its entire surface. The closed boxes were subjected to the germination test as previously described for the evaluation of the percentage of normal seedlings on the 5 th day after sowing. Test for the identification of mechanical damages: Performed using two subsamples of 100 seeds for each replicate, placed in a plastic cup and covered with solution of 1% sodium hypochlorite, for 10 min; after this period, the seeds were distributed on sheets of paper towel, the number of swollen seeds was counted and the results were expressed in mean percentage per treatment (Krzyzanowski et al., 2004) .
Tetrazolium test: Conducted using four subsamples of 50 seeds per treatment, which were subjected to imbibition in Germitest paper roll, for 16 h and in an oven regulated at 25 ºC. After this period, the seeds were transferred to plastic cups, immersed in tetrazolium solution at the concentration of 0.075% and placed in BOD chamber at 40 ºC for 3 h. After this period, the seeds were analyzed for the levels of vigor (TZ 1-3 class), viability (TZ 1-5 class) and the diagnosis of quality loss (TZ 1-8 and TZ 6-8 classes), in this case identifying the causes of the loss of physiological quality of the seeds. The results were expressed in percentage (França Neto et al., 1999) .
Seed health: The seeds were incubated in Petri dishes with diameter of 15 cm containing two sheets of filter paper moistened with water + 2,4D (sodium 2,4-dichlorophenoxyacetate) at 0.02%. 50 seeds of each treatment were used per dish, in a total of four subsamples and 200 seeds. The dishes were maintained in an incubation room at 20 ºC with photoperiod of 12 h for seven days and, later, the incidence of pathogens was quantified.
The statistical design was completely randomized in a 9 x 2 factorial scheme, with 9 collection points and 2 seed treatments (with fungicide and without fungicide) in four replicates, totaling 200 seeds per treatment. The seeds were evaluated immediately after processing and six months after processing. The data were subjected to analysis of variance and the means were compared by the Scott-Knott criterion at 0.05 probability level.
Results and Discussion
The percentage of mechanical damages was higher in the first processing stage (hopper), significantly decreased in the pre-cleaning, due to the elimination of broken seeds, increased after the passing through the dryer and decreased after the passing through the 6.0 sieve (Table 1) .
This high percentage of damages can be attributed to problems during the mechanical harvest and/or in the drying process. Similar results were found by Oliveira et al. (1999) working with soybean seeds, cv. Dourado, which showed 16.5 and 13.5% of damages, before and after pre-cleaning, respectively; however, the damages did not decrease along the processing, being cumulative. In seeds of the corn hybrid Ag-122, classified in 3 sieves, Paiva et al. (2000) observed high levels of damage after the processing stages, except for the dryer, and the seeds, regardless of their size, were susceptible to the physical injuries.
In the test of electrical conductivity, there was only difference between treated and untreated seeds, which showed means of 83.84 and 79.96 μS cm -1 g -1 , respectively. This fact can be explained by the amount of leachates in the solution, influenced by the presence of the molecule of the active principle used in the treated seeds, which promoted higher electrical conductivity of the solution.
As to germination percentage of the seeds collected at each point of the processing (Table 2) , there was a higher percentage of normal seedlings after cleaning, except for the collection point after the 5.5 sieve-classifier. Many studies confirm the improvement of physical and physiological quality of the seed lots after processing. Similar results were observed in: Arabica coffee (Giomo et al., 2004) ; fodder radish (Nery et al., 2009) ; sweet corn (Ferreira & Sá, 2010) , but not for peanut seeds (Fessel & Barreto, 2000) .
The result of the tetrazolium test showed improvements on seed vigor along the processing stages and, for the germination potential (TZ 1-5), only soybean seeds were collected after the dryer and the cleaning, and they showed lower germination potential (Table 2 ). This can be explained by possible damages caused during the drying process of the seeds, which may be correlated with the higher proportion of mechanical damages. Regarding vigor levels (TZ 1-3), soybean seeds showed lower vigor in the initial processing stages and then it increased, and seeds collected after the gravity table showed higher vigor. The potential of mechanical damages by tetrazolium (TZ 1-8) exhibited a behavior similar to that of the mechanical damages by hypochlorite.
There was a significant improvement in the percentage of normal seedlings, according to the test of accelerated aging, for the seeds collected after the 5.5 sieve-classifier and gravity table, which denotes the efficiency of the gravity table in the improvement of the physiological quality of the lot of soybean seeds.
Soybean seeds that were not treated with fungicide showed high incidence of Penicillium sp., Cladosporium sp. and Fusarium sp. It is observed that the fungicide treatment was highly efficient in the control of the fungi Cladosporium sp., Fusarium sp. and Penicillium sp. (Table 3) . Table 1 . Mean values of mechanical damages, electrical conductivity and the respective coefficients of variation (CV %) of soybean seeds sampled along the processing line, evaluated immediately after the processing The infestation of Fusarium sp. was lower after the gravity table, regardless of the size of the sieve, 6.0 or 5.5. Bicca et al. (1998) , working with rice seeds, observed a significant improvement in the sanitary quality of the seeds when they were processed on the gravity table, due to the decrease in the percentage of Fusarium sp. Based on these results, it can be inferred that there is a relationship between the specific mass and the incidence of pathogens in the seeds, because the infested seeds, besides low density, showed reduction in germination and vigor.
Penicillium spp., when associated with soybean seeds, is considered as storage fungus, which can cause deterioration of the seeds in the soil or the death of the seedlings (Barros & Juliatti, 2012) .
The mean temperature during the storage was 21.0 ºC, with mean maximum of 27.2 ºC, mean minimum of 15.0 ºC and mean relative humidity of 72% (Figure 1) .
The mean water content after six months of storage did not differ between the samples collected at the different points, but varied from 10.7 to 11.6% between treatments, under these storage conditions.
There was a significant reduction in the mechanical damages, especially in the stages after the 5.5 sieve-classifier and the 6.0 and 5.5 sieve-gravity table (Table 4 ). According to Maryam & Oskouie (2011) , 10% or more of damages in the hypochlorite test indicate that the physiological quality of the seed lot is compromised. This high percentage of damages can be attributed to problems during the mechanical harvest, in the drying or during the processing. Martin et al. (2007) report that 29% of mechanical damages in corn seeds lead to a deterioration 2 to 3 times faster in comparison to undamaged seeds. Sweet corn seeds with mechanical injury and stored for five months in a controlled environment did not show significant reductions in germination or health, and the impacts on vigor were low both at the beginning and at the end of the storage (Gomes Júnior & Cicero, 2012) .
The mechanical damages decreased the quality of soybean seeds, because there was a reduction in the germination and vigor of the seeds sampled during the processing and after 180 days of storage in an environment with no control of temperature and relative humidity. There was no difference Table 4 . Mean values of mechanical damages, viability potential by tetrazolium (TZ 1-5), germination (G%), electrical conductivity (EC) and accelerated aging (AA%) of soybean seeds during the processing and the respective coefficients of variation (CV%) after 180 days of storage in environment with no control of temperature and relative humidity Figure 1 . Mean values of maximum, minimum and mean temperature (T, ºC) and mean relative air humidity (RH, %) during the storage period between the treatments (points of collection) with seeds treated and not treated with fungicides. On average, there were 20.5 and 15.5% of normal seedlings in the accelerated aging test, for treated and untreated seeds, respectively, evidencing a positive effect of the chemical treatment after 180 days of storage.
There was an increment in the percentage of normal seedlings, according to the germination test, during the processing stages; the seeds collected in the pre-cleaning and dryer showed lower percentage of germination (Table 4) . This can be explained by the large amount of seeds with mechanical damages, which can cause reduction in germination (Shelar, 2008) . The percentage of normal seedlings was higher for seeds collected after the 6.0 sieve-gravity table.
The viability potential evaluated by the tetrazolium test (TZ 1-5) was lower for seeds collected in the treatments after hopper, pre-cleaning and dryer (Table 4) ; although the viability potential increased in the stages after pre-cleaning, it did not achieve the minimum standard established for the marketing of soybean seeds, which is 80%, due to the high percentage of damages, which probably occurred during the process of mechanical harvest and/or in the drying of soybean seeds.
According to the results of the electrical conductivity test, there was higher leaching of solutes due to the mechanical injuries occurred during the drying and processing (Table  4) ; however, there was an improvement of seed vigor after the processing on the gravity table. These results were higher than the values proposed by Vieira (1994) to characterize lots of soybean seeds as of high vigor with electrical conductivity of up to 70-80 μS cm -1 g -1 . However, it should be pointed out that the results may vary from cultivar to cultivar.
The damages caused along the processing stages of the stored soybean seeds were harmful to their quality, compromising the integrity of the cell membranes, evidenced by the greater leaching of solutes (Paiva et al., 2000) . According to Maryam & Oskouie (2013) , unstructured membranes and damaged cells are generally associated with the process of seed deterioration, causing low percentage of germination and vigor.
The accelerated aging test showed that, after the seeds are processed on the gravity table, there is an increase in the percentage of normal seedlings, which is positive for their physiological quality. Thus, similar results were observed for corn seeds (Ferreira & Sá, 2010) , broccoli (Gadotti et al., 2006) and fodder radish (Nery et al., 2009) .
It is observed that, after 180 days, the treatment with fungicide was highly efficient in the control of Aspergilus spp., Cladosporium sp. and Penicillium sp. (Table 5 ). On the other hand, the treatment without fungicide showed higher incidence of these fungi, especially in the stages of pre-cleaning, with reduction in the incidence along the processing.
Similar results were obtained by Maciel et al. (2005) , who worked with soybean seeds, cv. IAC-18, and observed that, from the fourth month of storage on, the seeds showed higher indices of Aspergillus sp. and Penicillium sp. According to Lima et al. (2014) , these fungi are considered as storage fungi and can cause deterioration and reduction in the quality of the soybean seeds during the period of storage. Cardoso et al. (2004) also reported that the incidence of Aspergillus spp. and Penicillium spp. increased during the storage, especially when the seeds were not treated with fungicide. Table 5 . Percentage of occurrence of Aspergilus spp., Cladosporium sp. and Penicillium sp., associated with soybean seeds and the respective coefficients of variation (CV%) after 180 days of storage in environment with no control of temperature and relative humidity *WO/F -Soybean seeds without treatment with fungicide; *W/F -Soybean seeds treated with fungicide; Means followed by the same letter, uppercase in the column and lowercase in the row, do not differ by Scott-Knott criterion (P > 0.05)
Conclusions
1. The processing improves the quality attributes of soybean seeds along the different stages, and the gravity table plays an important role in the improvement of the physiological and sanitary quality of the lot, favoring the vigor of the seeds.
2. The treatment of the seeds with the fungicides Carbendazim + Thiram is efficient in the control of the fungi Cladosporium sp., Fusarium sp., Penicillium sp. and Aspergilus sp. before and after storage.
3. The storage of soybean seeds with high level of mechanical damages markedly increases their deterioration. 
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